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Abstract 
The pulse current auxiliary forming technology has been widely applied for the fabrication of complex sheet metal parts. 
However, the potential of high-density pulse current to generate high electromagnetic forces, which can be taken as drive forces 
in forming process, hasn't been paid enough attention. Compared with the traditional gas bulging technology, bulging based on 
pulse current has two main advantages. One is that metal sheets can be formed directly by electromagnetic forces instead of the 
air pressure, and thus the airtightness of die is not an issue. The other is that the forming performance can be improved by the 
electro plastic effect induced by pulse currents during deformation. In this paper, to validate the effectiveness of this novel 
method, a special electromagnetic system for bulging of 1420 Al-Li Alloy has been designed and fabricated, in which a high-
density pulse current flows through two parallel 1420 Al-Li Alloy sheets in opposite directions to generate repulsive forces for 
bulging. Finally, both the numerical and experimental studies are carried out to study the forming behaviour of sheets. 
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1. Introduction 
In recent years, pulse current has been widely applied as an auxiliary technique for fabrication of complex sheet 
metal parts. Many effects has been found in a series of experiments on current auxiliary forming, such as electro-
plastic effect, electro-superplastic effect, polarity effect, crack preventing effect, etc. [1-3]. Xu ZhuoHui et al. 
explored the electro-plastic rolling of AZ31 Mg alloy strip [4]. Green et al. investigated the effectiveness of high-
density pulse current at reducing springback in Al6111 sheet specimens [5]. K.F. Zhang et al. adopted pulse 
current during gas bulging process to enhance the formability of coarse-grained AZ31 magnesium alloy [6]. In 
these researches the application of pulse current has been proved to be an effective method for improving the 
microstructures and formability of materials. It is certain that the researches on pulse current auxiliary forming will 
attract more and more attention. 
However, the potential of high-density pulse current to generate high electromagnetic forces, which can be 
taken as drive forces in forming process, has not been paid enough attention. Compared with pulse current 
auxiliary forming, Pulse Current Driven Forming may reduce tooling costs, because we can achieve both 
deformation and forming performance improvement by one special electromagnetic system. What’s more, 
mechanical force is replaced by electromagnetic force, which means mechanical contact with workpiece is not 
required and thus surface contamination and tooling marks can be avoid. In this paper, to validate the effectiveness 
of this novel method, a special electromagnetic system for bulging of 1420 Al-Li Alloy has been designed and 
fabricated, in which a high-density pulse current flows through two parallel 1420 Al-Li Alloy sheets in opposite 
directions to generate repulsive forces for bulging. Finally, both the numerical and experimental studies are carried 
out to study the forming behaviour of sheets. 
2. Experiments 
2.1. Electromagnetic force 
To generate repulsive forces for bulging, the basic principle is that a high-density pulse current flows through 
two parallel sheets in opposite directions, as shown in Fig. 1. The force of repulsion between two current-carrying 
sheets can be explained by Ampère's force law. The physical origin of this force is that each sheet generates a 
magnetic field and the other sheet experiences a magnetic force as a consequence, as defined by the Lorentz force. 
Fig. 1. Repulsive forces generated by two parallel high-density pulse currents in opposite directions. 
Since the width of sheets is far more than the thickness of sheets, the pressure on each sheet can be calculated 
by an approximate equation as shown below. 
ܲ = ׬ ܬ ଶ஻
்
ݔ݀ݔ்଴ =
ఓబ
ଶ
(ܶܬ)ଶ,                 (1) 
where ߤ଴ = ͶɎ × 10ି଻ ܰ ܣଶൗ , T is the thickness of sheets and J is the current density. When T = 5 mm and J = 10ଷ ܣ ݉݉ଶΤ , P ൎ 15 MPa. 
The current density is 10ଶ~10ସ ܣ ݉݉ଶΤ  in previous researches which had found electro-plastic effect or 
electro-superplastic effect and the gas pressure in gas bulging process is 1~10MPa. Based on the above analysis, 
the electromagnetic force is enough for bulging metal sheets. 
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2.2. Experimental device 
A special electromagnetic system for bulging of 1420 Al-Li Alloy has been designed to validate the 
effectiveness of this novel method as shown in Fig. 2. Two 1420 Al-Li Alloy sheets were parallel placed with a 
piece of quartz glass between them for insulation. One end of the sheet was connected to another by a metal bolt, 
and the other end of the sheet was connected to an electrode. The pulse current flowed through one sheet and back 
from another sheet and thus the electromagnetic force was repusive.The thickness of both sheets was 2mm and the 
distance between them was 1mm. The length of forming area was 60 mm. At the forming area the width of sheets 
was 10mm. The whole apparatus was heated to 530 °C. which was prove to be a appropriate temperature for 
bulging of 1420 Al-Li Alloy. 
 
 
 
Fig. 2. Experiment apparatus.  
A 14.4kJ/32ߤܨ pulsed power supply was built as shown in fig. 3. It was especially designed for fast charging. 
The maximum output current was 100kA with pulse width ranging from 10 ߤݏ to 200 ߤݏ.  
 
Fig. 3. (a) Device photo and (b) pulsed power supply. 
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3. Results and discussion 
Free bulging tests were performed on the self-built apparatus which was placed in a furnace and heated to 
530 °C. We got different bulging height at different discharge voltages and multiple discharge times as shown in 
Table 1. Maximum discharge voltage was 25kV. Peak value of discharge current was 42kA and pulse width was 
30 ߤݏ at 25 kV as shown in Fig. 4. Current density through forming sheet was 2.1 × 10ଷ ܣ ݉݉ଶΤ . 
 
Table 1. Results at different discharge voltages and multiple discharge times. 
 Output voltage (kV) Discharge times Current density J (A/mm2) Bulging height (mm) 
Condition A 15 1 1.3 × 10ଷ 10 
Condition B 20 1 1.7 × 10ଷ 22 
Condition C 25 1 2.1 × 10ଷ 28 
Condition D 25 3 2.1 × 10ଷ 28 
Condition E 25 5 2.1 × 10ଷ 28 
 
The figures in Table 1 indicated that bulging height increased with the increase in output voltage and the 
maximum was 28 mm at the discharge voltage of 25 kV. But more discharge times didn’t bring higher bulging 
height. One of the possible reasons was that electromagnetic force is inversely proportional to the square of the 
distance between two sheets. After the first discharge, the distance between two sheets increased from 1mm to 
28mm and thus electromagnetic force was not enough for bulging higher afterwards. If we want to get higher 
bulging height, we should design special die to overcome this shortage, which is what we will do next.  
 
Fig. 4. Discharge current at 25kV. 
 
Fig. 5. (a) Maximum bulging height at 25 kV and (b) bulging height calculated by FEM. 
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An electromagnetic-structure transient  finite element model has been established for the bulging process and 
the result was shown in Fig. 5. It should be noticed that the pressure on the sheet was not uniform because the 
magnetic field induced by current was not uniform. The pressure on central area of the sheet is bigger than which 
on the end of the sheet and the maximum was 7MPa at the symmetry axis of the sheet. What’s more, the pressure 
changed over time. When the current came to a peak at 15us, we got the maximum pressure as shown in Fig. 6.  
 
Fig. 6. (a) Maximum pressure calculated by FEM and (b) pressure at different time. 
4. Conclusions 
(1) A special electromagnetic system for bulging of 1420 Al-Li Alloy has been designed and fabricated, in 
which a high-density pulse current flow through two parallel 1420 Al-Li Alloy sheets in opposite directions 
to  generate repulsive forces for bulging. Free bulging tests were performed under different parameters. 
Bulging height increased with the increase of discharge voltage and the maximum was 28mm at the 
discharge voltage of 25kV. But the results were almost same with the increase of discharge times. 
(2) An electromagnetic-structure transient finite element model has been established for the bulging 
process.Pressure on the sheet was not uniform and changed over time. We got the maximum pressure at the 
symmetry axis of the sheet when the current came to the peak. 
(3) Electromagnetic force decays rapidly with the increase of the distance between sheets, which limit the 
application of our method. The parameters of electromagnetic system should be optimized and the 
performance of bulging sheets should be discussed. We will do more research in the future. 
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